Subtilosin
A, a new antibiotic produced by Bacillus subtilis 168, was extracted from culture medium with n-butanol and purified to homogeneity by a combination of gel filtration and thin-layer chromatography.
The yield was 5.5 mg from a liter of culture.
It had bacteriocidal activity against some gram-positive bacteria. Amino acid analysis and mass spectrometry showed that it was a peptide with a molecular weight of 3398.9, consisting of 32 usual amino acid and some non-amino acid resi dues. Its amino and carboxyl-termini were blocked. By analysis of the fragments obtained by partial acid hydrolysis, as well as by chymotryptic and thermolysin digestions of reduced and S-carboxymethylated samples and Achromobacter protease I digestion of performic acid-oxidized samples, the amino acid sequence was deter mined to be as follows: X-Gly-Leu-Gly-Leu-Trp-Gly-Asn-Lys-GIy-Cys-Ala-Thr
Cys-Ser-Ile-G ly-Ala-Ala-Cys-Leu-V al-Asp-Gly-Pro-Ile-Pro-Asp-Glx-Ile-Ala Gly-Ala. A number of antibacterial and antifungal sub stances produced by various strains of Bacillus subtilis have been isolated and characterized (1) (2) (3) . However, there is little information about such substances produced by B. subtilis 168, although it is the most well-characterized strain, genetically and biochemically, among B. subtilis and has been used extensively for the study of sporulation of bacterial cells (4) (5) (6) . A close correlation between antibiotic production and spore formation in the Marburg strain of B. subtilis has been reported by Balassa et al. (7), Schmitt and Freese (8) , and Spizizen (9). Schaeffer (10) reported that in the crude filtrate of the Spo+ culture three distinct antibiotics were present.
Schmitt and Freese (8) observed that there was no antibiotic activity dur ing exponential growth, but that it greatly in creased during the developmental period. They distinguished three major and two minor antibiotic components by thin-layer chromatography and column chromatography on Sephadex LH-20. However, none of them has been isolated or characterized further.
The correlation between antibiotic formation or its physiological function and sporulation in other strains of B. subtilis or other species of bacilli has also been studied by many workers (cf. 3, 11), using well-defined antibiotics such as baci tracins, mycobacillin, gramicidin S, tyrocidines, or gramicidin A. In some cases, results that favor a function of antibiotics in sporulation were ob tained, but in others, the results indicated that there was no direct cause-and-effect relationship between antibiotics and sporulation, though there seems to be a closely related regulating mechanism for both antibiotic production and sporulation.
We have attempted to isolate and characterize an antibiotic produced by B. subtilis 168 and to study the correlation between its production and sporulation.
This paper describes the isolation and characterization of a new antibiotic peptide, subtilosin A. It was found, however, that this antibiotic has no correlation with sporulation of this organism. lecular weight of subtilosin A was estimated to be 3398.9. This is larger by 369.5-373.4 than the theoretical values (3025.5-3029.4) calculated from the amino acid composition. From this it was inferred that subtilosin A possesses other con stituents than amino acids. Figure 4 summarizes the strategy of amino acid sequencing of the peptide portion.
MATERIALS AND METHODS

Materials
Because preliminary experiments indicated that the N -terminal residue of this antibiotic was blocked, we first obtained fragments with free amino groups by partial acid hydrolysis of an intact sample with concentrated HCl, digestion of RCM-samples with chymotrypsin or thermolysin, partial acid hydrol ysis of an RCM-sample with 0.03 M HCl in 50% gested to link with the C-terminus, though the possibility that the C-terminus does not link with the N-terminus but with the Cys-10 or -13 residue cannot be excluded. However, from the concen trated HCI-hydrolysates of intact subtilosin A, a fragment that had a Gly residue at the N-terminus and consisted of four residues as shown in Fig. 5 was obtained, though the yield of the fragment was only about 2 %. From the amino acid com position and the N-terminal analysis, this fragment was considered to be composed of the peptide with the N-terminal sequence of residues 1 and 2 and the C-terminal sequence of residues 31 and 32. Therefore, we concluded that the N-terminus of subtilosin A is linked with the C-terminus. That the C-terminus of intact subtilosin A was sub stituted was also suggested, because no amino acids were detected when C-terminal analysis of intact subtilosin A was performed by the hydrazine method (29). From the above results the primary structure of subtilosin A as shown in Fig. 6 was deduced, excluding the structures of the two unknown resi dues, Xu and X. The residue weight of the sub stituent X at the N-terminus was calculated to be 246.
Production of Subtilosin A in Relation to Sporulation-Since many reports on the correla tion between the production of antibiotics and sporulation in members of the genus Bacillus have appeared (cf. 3, 4, 11, 30) , we attempted to ex amine the correlation between the production of subtilosin A and sporulation in B. subtilis 168. The time course of the production of subtilosin A in relation to cell growth and spore formation in the nutrient sporulation medium is shown in Fig. 7 . The synthesis of this antibiotic began at I h after the cessation of vegetative growth. The antibiotic content increased linearly with time for the first 2 h and reached a plateau, followed by a gradual decrease. The maximal concentration was about 8 mg per liter of culture. The anti biotic produced was mostly secreted into the me dium. Heat-resistant spores appeared at 8 h after the end of vegetative growth, increased gradually in number and reached 20% of viable cells at 22 h. The production of subtilosin A had finished before the appearance of refractile spores.
Like spore formation, the production of anti biotics is known to be sensitive to catabolite re sporulation by glucose may be different and that the two phenomena have no correlation with each other. Spore formation is a temporally ordered proc. ess (5, 6); consequently, if subtilosin A is indi spensable for spore formation, it would not be produced by sporulation-negative mutants, such as spoOA and spoOB, which are blocked at the earliest stage of sporulation, whereas the mutants, 
